Abstract: The aim of this study was to assess the risk of blood and body fluid exposure among nonhospital based registered nurses (RNs) employed in New York State. The study population was mainly unionized public sector workers, employed in state institutions. A self-administered questionnaire was completed by a random stratified sample of members of the New York State Nurses Association and registered nurse members of the New York State Public Employees Federation. Results were reviewed by participatory action research (PAR) teams to identify opportunities for improvement. Nine percent of respondents reported at least one needlestick injury in the 12-month period prior to the study. The percutaneous injury (PI) rate was 13.8 per 100 person years. Underreporting was common; 49% of all PIs were never formally reported and 70% never received any post-exposure care. Primary reasons for not reporting included: time constraints, fear, and lack of information on reporting. Significant correlates of needlestick injuries included tenure, patient load, hours worked, lack of compliance with standard precautions, handling needles and other sharps, poor safety climate, and inadequate training and availability of safety devices (p<0.05). PAR teams identified several risk reduction strategies, with an emphasis on safety devices. Non-hospital based RNs are at risk for bloodborne exposure at rates comparable to hospital based RNs; underreporting is an important obstacle to infection prevention, and primary and secondary risk management strategies appeared to be poorly implemented. Intervention research is warranted to evaluate improved risk reduction practices tailored to this population of RNs.
Introduction
While the epidemiology of blood/body fluid exposure in hospital-based healthcare workers (HCWs), including RNs, is well characterized in the United States and in other countries, considerably less is known about HCWs' exposure risk in non-hospital settings [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Although approximately half of all HCWs and 40% of the 2.3 million RNs in the United States are employed outside of hospitals, risk assessment data on blood/body fluid exposure in HCWs employed in healthcare facilities other than hospitals are extremely sparse 15) . Information on the implementation and effectiveness of primary and secondary prevention strategies in these settings is equally limited. While non-hospital HCWs' exposure risk can be extrapolated, to some degree, from the hospital HCW literature, the risk factors and barriers to protection may be very different for non-hospital based HCWs, and may vary greatly across settings. Importantly, both the delivery and criticality of health care continues to increase in non-hospital settings, thereby potentially increasing the risk to HCWs.
In addition, a large proportion (approximately one-third) of non-hospital RNs work in establishments with fewer than 100 employees, and a sizable percentage (16%) work in establishments with fewer than five employees 15) . This may result in a lack of on-site infection control and employee health programs in these smaller facilities. This in turn may serve as a barrier to training, access and availability of safety devices, hepatitis B virus (HBV) vaccination programs, and rapid postexposure assessment and treatment. At the same time, patient prevalence rates for specific bloodborne pathogens may be similar or even higher in non-hospital based settings (e.g., inmates in correctional facilities and state-operated psychiatric hospitals) than community hospital rates [16] [17] [18] . Additionally, many non-hospital RNs perform procedures (e.g., starting intravenous lines, injections, and suturing) that involve sharps. Although non-hospital based RNs may be at risk for blood/ body fluid exposure, data on risk and risk factors specific to non-hospital based RNs are lacking. To address this knowledge gap, we conducted a survey of RNs employed in a wide range of non-hospital settings.
Methods

Sample population
The study population was primarily unionized and in the public sector, with participants recruited through the New York State Public Employees Federation (NYSPEF) and the New York State Nurses Association (NYSNA). Membership rosters provided by these collaborating organizations were stratified by work setting and a proportionate random sample was selected from the following work categories: doctor's offices, health maintenance organizations, psychiatric facilities, home health, long-term care, free-standing outpatient clinics, public health, and public institutions, including correctional facilities.
Study questionnaire
A five-page, 152-item survey instrument was developed for this study (please contact the corresponding author for copies of the instrument, coding information, and psychometric data). The questionnaire was informed by in-depth interviews and focus groups, followed by extensive pilot testing. The following constructs were assessed: individual factors (e.g., demographics, job task variables, HBV vaccination history, compliance with universal precautions/standard precautions (UP/SP)); organizational factors (e.g., infection control training, employee health policies and programs, including post-exposure management programs, safety equipment availability and use, and safety climate); and psychosocial work factors (e.g., working conditions and job satisfaction). The dependent variable was exposure to blood and body fluids. Whenever feasible, well characterized, well-defined scales were used. Coded questionnaire packets were mailed to a random sample of 3,000 RNs from lists provided by NYSPEF and NYSNA. Follow-up mailing procedures followed a standard methodology 19) . Four follow-up mailings were sent to nonrespondents (one reminder letter, followed by a complete packer, a second reminder letter, another packet, a final reminder letter with a final plea to complete a one-page demographic form). These were spaced at two week intervals. The major constructs in the survey are described below.
Individual factors
Demographics and work information, Items on gender, age, education, licensure, tenure, current work setting, and mandatory overtime, etc., were included.
Job task variables, Nurses were asked to report the number of hours they worked in a typical day and week, the number of patients they provided care to in a typical work day, and details regarding their job duties.
HBV vaccination history. Nurses were asked five questions regarding their history of HBV vaccination (including number of doses received). HCWs who reported receiving a primary vaccine series of three doses were defined as "vaccinated." HCWs who reported receiving less than three doses or did not remember their vaccination status were categorized as "un-vaccinated."
Compliance with UP/SP. To ascertain the relation between exposure history and safe work practices, employees were asked to report their practices with respect to UP/SP using a 12-item compliance scale 4) . Response choices included "never," "rarely," "sometimes," "often," "always," and "not applicable" for each of the 12 items. The five-point compliance scale was dichotomized for the analyses into two categories: "strict" compliance (e.g., always) vs. "non-strict" (often, sometimes, rarely and never), excluding non-applicable.
Organizational factors
Infection control training. Nurses were asked how many hours of infection control training were provided to them within the past 12 months, with five response choices, "none," "15 min," "30 min," "one hour," "two or more hours." Employee health policies and programs. A 13-item scale was constructed to assess the quality of employee health programs. Items addressed access to employee health and infection control practitioners, bloodborne pathogen exposure control and emergency care plans, HBV vaccination availability, sharps injury logs, and safety product selection committees. Response choices were "yes," "no," "don't know," and "not applicable." The scale was dichotomized for the analyses into "extensive employee health program" vs. "non-extensive."
Post-exposure management programs. Seventeen items addressed post-exposure management, including reporting, barriers to reporting, follow-up with a health care provider within two hours of exposure, post-exposure prophylaxis (PEP), referral to an HIV specialist, explanation of postexposure treatment, and lost work time related to PEP. One item addressed whether nurses left a job because of a needlestick injury. All questions were answered with "yes," "no," "not applicable" or were open-ended.
Safety equipment availability and utilization. A safety equipment scale was designed to evaluate safety equipment access. Employees were asked 20 questions related to the availability of various safety devices such as safety needles, catheter securements, sharps containers, medical waste bags and containers, gloves (latex and powder-free), face shields, eye protection, and barrier gowns. Responses included: "personally available to me," "not available to me," "I personally use," and "not applicable to my job." The scale was dichotomized in the analysis as "high availability" (i.e., 75% of safety equipment was available) vs. "moderate/low availability" (i.e., 25% or less of safety equipment was available.) To assess utilization, safety equipment scale items that were available were further categorized as "used," vs. "not used." Safety climate. A 21-item safety climate scale, adapted from a pre-existing instrument 20) , was included to measure employees' perception of their work site safety program (i.e., safety climate). There were five possible response categories: "strongly disagree," "disagree," "neutral," "agree," and "strongly agree." The scale was dichotomized at the median into two groups: "strong/moderate" safety climate vs. "weak/ poor" safety climate.
Psychosocial work factors
Structural elements of the work environment. Sixteen items measured the degree to which nurses were adversely affected by various environmental working conditions such as noise, temperature, security, crowdedness, cleanliness, staffing issues, etc. The four response categories included "very much," "moderately," "very little," and "not at all."
The scale was dichotomized at the median into two groups: "high/moderate" vs. "low/none." Job satisfaction. A 5-item scale 21) (NIOSH job satisfaction scale) was used to measure job satisfaction; there were four response categories: "strongly agree," "agree," "disagree," and "strongly disagree." The scale was dichotomized into "high/moderate" vs. "low/poor" job satisfaction.
Blood/body fluid exposure
Employees were asked to recall any known percutaneous, mucocutaneous, or non-intact skin exposures to blood or body fluids experienced in the 12 months prior to the study, as well as any percutaneous injuries (PIs) that occurred during their current job, and during their career in nursing. They were also asked how many of the exposures (by category) that they had experienced were formally reported to their employer. Detailed information was obtained for the most recent exposure, including type of injury, level of severity, type of instrument used at time of injury and whether or not it had a safety feature. The factors that contributed to the injury (e.g., type of procedure, during disposal, equipment failure, patient caused, etc.) were also assessed. Respondents were asked to explain, in their own words, how the incident occurred and how it could have been prevented.
Data analysis
Data were analyzed using SPSS statistical software (version 11.0; SPSS, Inc. Chicago, IL). The psychometric properties for each scale were determined. Frequency rates for overall exposures and for each work setting were calculated, including the incidence rate per 100 person years. To determine the correlation between exposure and risk factors, odds ratios and their 95% confidence intervals were determined using chi-squared statistics.
Results
After removing the names of retirees (n=40), transfers and decedents (n=158) and those with incorrect contact information (n=175), 2627 eligible RNs remained in the sample frame; of these, 1,156 RNs completed and returned legible questionnaires (44%).
Individual factors
1) Demographics Participants were primarily highly experienced, middleaged females (Table 1) . Almost half of all respondents (43%) were bachelors or masters-prepared nurses. Slightly more than half (51%) worked in average to large size facilities, with between 101 and 1,000 employees. The majority of respondents (47%) worked in State institutions that were not affiliated with a hospital system (60%) or medical center (73%). Eighty-eight percent of respondents provided "handson" patient care at the time they were surveyed. The basic demographic characteristics of the respondents were similar across settings.
2) Job tasks A large percentage (82%) of respondents reported handling needles or other sharps as part of their daily job duties. More than half (59%) changed dressings or provided wound care, 59% changed or disposed of sharps containers, 41% cleaned up contaminated spills, 44% disposed of contaminated waste, and 18% manipulated or managed drainage tubes. When nurses reported that they handled needles, most did so during the administration of injections (81%), although a substantial percentage (49%), performed phlebotomy or inserted intravenous lines (19%). Needles were also used for suturing (6%), aspiration of fluids (6%), and other purposes (6%).
3) HBV vaccination history A high proportion (84%) of participants reported receiving a primary HBV series of three doses, with only 4% receiving only one or two doses. Twelve percent reported having declined the vaccine for a variety of reasons, generally because they were already HBV antibody positive.
4) Compliance with UP/SP
The alpha coefficient was 0.75 and the mean score across the 12 items was 4.46 (S.D. ± 0.41, range 1-5). The highest compliance rates were noted for "following UP/SP with all patients regardless of their diagnosis" (85%), "treating all materials that have been in contact with patients' body fluids as if they were infectious" (82%), and "wearing disposable gloves" (79%). The lowest compliance rates were noted for "wearing disposable outer garments when indicated" (21%) and "wearing eye protection" (28%).
Organizational factors
1) Infection control training While 85% of respondents reported receiving annual training in blood/body fluid exposure prevention, 14% received 30 min or less of training, 23% received only one hour per year of such training, and 8.5% had not received any infection control training in the previous year.
2) Employee health policies and programs
The employee health quality scale alpha coefficient was 0.75 and the mean score across the 15 items was 0.71 (S.D. ± 0.17, range 0-1). A large proportion (61%) of nurses reported that they had "on-site access" to either an employee health nurse or infection control practitioner; overall, almost 70% reported access to this type of expertise at their employer's headquarters. Only 9% reported that they had no access to these specialists. With respect to HBV vaccination program elements, whereas a high percentage (91%) of RNs reported that their employer had discussed vaccination with them, fewer (85%), reported that it had been offered to them at no cost. Even fewer (49%), said they had been offered a vaccine titer verification.
Most RNs (89%) reported that their employer had a system in place for providing emergency care following bloodborne pathogen exposure, and 91% reported that their employer had a written agreement with a regional healthcare provider for emergency post-exposure care. Regarding incident reporting, while 93% stated that they were encouraged to report all bloodborne exposures, 13% said they were encouraged to report significant exposures only. A substantial percentage (15%) further reported that they were reluctant to report exposures, with the most frequent reasons given as follows: lack of time, wanting to keep the information confidential, and fear of getting into trouble.
Fifty-four percent of respondents reported that they did not know whether their employer maintained a sharps injury log and nearly half (49%) did not know if their employer had a safety product selection committee. 3) Safety equipment availability and utilization RNs were asked to report on the availability and use of 20 different safety devices and safety equipment. Overall, nearly 60% of the RNs had more than half the devices and equipment available to them, however, 13% reported that only five or fewer of these were available. The following devices were most often available: "sharps containers" (99%), "medical waste red bags" (94%), "safety syringes and needles" (93%), "latex-free disposable gloves" (93%), and "powder-free disposable gloves" (92%). However, even though available, many items were not always used when indicated. For example, while 93% of respondents reported that safety syringes and needles were available to them, only 81% of these same respondents reported that they personally used them. Similarly, while 81% of RNs reported that tuberculin safety needles were available to them, only 63% of the respondents reported that they used them. And while nearly all (99%) of RNs stated that sharps containers were available, only 87% used them. The reasons given for not using them included: "didn't feel it was needed," "too time consuming," and "used too infrequently."
4) Safety climate
The safety climate scale alpha coefficient was 0.93 and the mean score across the 21 items was 3.56 (S.D. ± 0.67, range 1-5). The lowest scores were obtained for the following items: "unsafe practices are corrected by supervisors" (21%), "nurse managers discuss safe work practices" (26%), and "my job duties interfere with ability to follow standard precautions" (15%).
Psychosocial work factors
1) Structural elements of the work environment The work environment scale alpha coefficient was 0.89 and the mean score across the 16 items was 2.64 (S.D. ± 0.58, range 1-4). Fifteen percent reported being very adversely affected by the environmental conditions at their workplace. Respondents reported that understaffing and feeling unappreciated were most troubling (reported by 33% of respondents). This was followed by having to multi-task (28%), salary concerns (27%), and mandatory overtime (16%). Respondents were "very much" affected by certain conditions, including excessive noise (18%), temperature extremes (20%), unpleasant working conditions (16%), and overcrowding (14%).
2) Job satisfaction The job satisfaction scale alpha coefficient was 0.79 and the mean score across the 5 items was 2.72 (S.D. ± 0.56, range 1-4). Overall, 63% of RNs reported that they were satisfied with their jobs.
Exposure history
Exposures were not uncommon; overall, 875 RNs (65%) experienced at least one needlestick during their careers in the non-hospital setting. A quarter of the sample (25%, n=327) reported at least one needlestick in their present job. Within the past 12 months on the job, 101 respondents experienced 129 needlesticks and 59 respondents experienced a total of 94 contaminated cuts with sharps. Altogether, 160 individuals sustained contaminated PIs (101 reporting needlesticks and 59 reporting cuts with sharps) within the prior 12 months, resulting in a PI rate of 13.8 per 100 person years. Other exposure incidents, such as splashes to the eyes or mouth or skin contact with open wounds, were also experienced ( Table 2) . Formal reporting of an exposure to the administration was low; only 49% of all PIs were ever formally reported to the administration. The most common reasons for not reporting were: too time consuming, fear of getting into trouble, didn't know the official protocol to follow, wanted to keep it confidential, and not knowing where to report.
Regarding the most recent PIs, many occurred while using a hollow bore needle (25%), blood collection device (16%), or suture set (3%). The factors that most frequently contributed to the respondent's most recent exposure included: "patient-caused," "during disposal," "lack of safety device," "equipment failure," or "caused by co-workers' actions." Recapping was also frequently cited as a cause. Twenty percent of respondents rated their most recent exposure as serious or moderate, and 65% of the respondents stated that they were providing routine patient care at the time of their most recent exposure. A surprising percentage (43%) of recent exposures involved safety devices, even though 78% of exposed RNs stated that they had received training on the use of the devices. 1) Post-exposure management programs A large percentage (70%) of those reporting an exposure stated that they were never seen by a health care professional following their most recent exposure. Only 20% reported being seen within two hours or less from the time of the exposure. For those respondents who were not seen within two hours, the most frequently cited reasons were as follows: "I did not think it was medically necessary" (62%), "no healthcare professional was available" (9%), and "I could not get a replacement" (8%). Thirty percent of exposed RNs received post-exposure care; of these, 48% stated that they had not received any written information explaining post-exposure treatment. Roughly half of the participants receiving post-exposure care reported that they had been offered PEP, and only 23% (n=15) accepted PEP. Of these, a majority (65%) reported side effects associated with the treatment. A very small percentage (4%) of exposed nurses who reported their exposure stated that they were referred to an HIV specialist to manage their post-exposure care.
A large proportion of the nurses (67%) stated that workers' compensation did not pay for the medical expenses related to their exposure. A small fraction of the exposed respondents (10%) reported losing time from work because of their exposure. When asked to evaluate their overall post-exposure care experience, nearly one-third (27%) rated their overall experience as fair or poor. Two percent of the RNs stated that they had left a job because of a needlestick injury.
2) Correlates of needlesticks A number of individual, organizational, and psychosocial factors were significantly correlated with needlestick exposure (Table 3) . With respect to demographic and work site characteristics, job tenure (≥10yr) was significantly correlated with a needlestick on the job, as well as experience; highly experienced nurses (>22 yr tenure in the field) were more likely to report a needlestick during their current job, as were those with "hands-on" patient contact. RNs employed at large facilities (>100 employees) were also more likely to have experienced a needlestick on the job. This was also true if their facility was affiliated with a medical center. Nurses with a high patient load (>25 patients), those working more than 40 h a week, and those reporting eight hours or more of overtime, including mandatory overtime, were similarly more likely to experience these types of exposures. RNs reporting a complete vaccine series were more likely to experience a needlestick at the current job compared to those who did not complete the full series or had declined vaccine. A lack of compliance with UP/SP was also significantly associated with needlestick exposure. Organizational factors significantly associated with needlestick exposure included: poor safety climate, poorly rated employee health programs, limited training and lack of safety equipment. With respect to psychosocial factors, two factors were found to be significantly correlated with needlestick injury: poor quality of the work environment and low job satisfaction.
Discussion
These results indicate that non-hospital based RNs are at risk for blood/body fluid exposure and that the risk approximates that of hospital-based RNs; non-hospital based RNs had a PI rate similar to published data for hospitalbased RNs over the same time period 1, 22, 23) . This finding is not surprising given the frequency of clinical procedures performed by non-hospital RNs that involves needles and other sharps. Other types of exposures, such as splashes to eyes, were also similar to published results for hospital workers and exceeded rates published for correctional healthcare workers 22, 24) . Similarly, the risk factors for exposure to blood/body fluids in this population have also been noted for RNs in the hospital setting including lack of compliance, poor safety climate, etc. As shown in other studies, we also noted an association between needlesticks and hours worked 4, 13) . Other researchers have recently postulated a link between needlesticks and fatigue 25, 26) . Given the increasing shortage of RNs across all health care sectors and the increase in both mandatory and voluntary overtime, this is a concern that needs to be addressed at multiple levels 27, 28) . An unusual finding in this study was the association between HBV status (full series) and needlestick injuries. *PI = percutaneous injuries (i.e., contaminated needlesticks and contaminated sharps injuries). ** = formally reported by the RNs to their facility's administration.
The nature of this relationship is not clear at this point and merits additional study. The organizational factors found to be correlated with needlestick injuries here have also been well characterized in the hospital setting. For example, non-hospital RNs who reported a poor safety climate at their facilities had odds that were nearly 1.7 times greater with respect to experiencing a needlestick injury than those RNs who reported a more positive safety climate at their facilities. In recent work by Stone et al., and other researchers, various organizational climate constructs, such as management style, have also been found to be of significance with respect to needlesticks and other injuries among hospital-based nurses 29, 30, 31) . Further research on this issue in the non-hospital setting would be helpful to better understand the role between these other organizational constructs and the safety of employees. Additionally, intervention research is needed to develop, assess and adopt various organizational initiatives shown to be effective in the hospital setting, such as the Magnet Recognition Program, in terms of potentially reducing needlestick injuries and other blood and body fluid exposure incidents 32, 33) . With respect to training, our data are in agreement with hospital-based findings; lack of infection control training on bloodborne pathogen risk was correlated with needlesticks 4) . However, of interest here was the extremely low prevalence of training; over one-fifth of the participants reported one-half hour per year of infection control training or less. These data indicates that many nonhospital employers are providing minimal compliance or are not in compliance with the OSHA Bloodborne Pathogen training requirements 34) . The quality and length of bloodborne pathogens training is clearly an area of study that needs to be addressed.
Because of the important recent advances in the use and accessibility of safety needle devices in the hospital setting, we were especially interested in determining the availability and use of these in the non-hospital setting. While, in general, a substantial proportion of RNs stated that many of the items were available (e.g., safety syringes and needles, sharps containers), roughly ten percent of the RNs reported not using the various items, even when indicated. The reasons for this mainly centered on their perceptions of risk, including "risk is low, no safety device is needed," and the impact of their use on time, (i.e. "too time consuming"). The risk factors for non-use might also include a lack of supervision and support from co-workers, since many non-hospital RNs work in smaller settings. Fewer employees may not only be associated with less opportunity for the support of safe work practices, but also with greater patient care load. Of interest was the fact that needlestick injuries occurred even when safety devices were in use and when training on their use was provided, although 18% had not received such training prior to their safety device-related needlestick injury.
Other factors involved in these safety device related injuries might possibly be due to the limited selection available and lack of front line nurse input in purchasing decisions. A follow-up intervention study might focus on development of effective product evaluation programs that include union representatives and front line healthcare workers and educational efforts in introducing new technology into the workplace. An unsurprising but very important finding was the rate of underreporting of needlesticks and other exposure incidents. Similar to numerous studies of RNs in hospital and correctional settings, this population of RNs also had very high underreporting rates 22, 35) . The reasons given for this paralleled those given by other RNs, namely that reporting was too time consuming, being fearful of getting into trouble and wanting to keep the information confidential. Clearly the process of reporting needs to be simplified, and the policies regarding confidentiality need to be communicated and trusted. These results also point out the need to ensure that punitive measures are not linked to reporting; doing so will simply keep exposures unreported. A high proportion (70%) of exposed RNs in this study were never seen by a health professional for their exposure, and of those that did receive care, only a small percentage (20%) were seen within two hours. Most RNs stated that they did not seek medical care because they did not think it was medically necessary. Effective training and education might improve RNs' understanding of the importance of rapid reporting and seeking medical care. Since 67% of participants reported that their post-exposure care was not paid for by workers' compensation, this may be a significant deterrent to reporting and obtaining follow up care, and deserves further study. The development of emergency post-exposure procedures (required by OSHA) and packets of information, as well as agreements with providers for the quality of postexposure care (recommended by the NY State Department of Health), are additional steps that may improve postexposure care. Even though more than half of the participants in this study reportedly had ready access to employee health services, some of the study findings suggest that these employee health programs may not be user friendly or easy to access, and this may be putting the RNs at risk. RNs who scored their employee health program as poor were nearly twice as likely to experience a needlestick injury. Taken together, the underreporting, lack of seeking care following exposure and overall lack of training indicate that interventions targeting employee health and infection control programs in the non-hospital setting might be highly beneficial in reducing risk.
Regarding psychosocial aspects of the work environment, these findings support earlier work linking substandard working conditions and job satisfaction with worker safety outcomes 30, 31) . Since recent studies have explored this association with both worker and patient care outcomes, interventions designed to identify and assess various improvement strategies that are tailored to these types of facilities are warranted.
At the conclusion of data analysis, results were summarized using total quality improvement techniques 36) . Using a PAR framework, results were shared with infection control practitioners and employee health nurses recruited from PEF and NYSNA 35) . The teams explored the data and developed a list of specific recommendations for improvement, which were presented to senior leadership at the two collaborating organizations and more widely to state-wide leaders. Both organizations have taken proactive positions in developing and implementing extensive risk reduction programs. Both NYSPEF and NYSNA have advocated for updated protocols on bloodborne exposure management, with an emphasis on reporting and access to high quality safety devices.
There are a number of study limitations that are recognized. First, data were collected from only one state (NY State) which is generally viewed as a proactive state in terms of worker protection. Second, the study population is unionized and both study partners have strong health and safety programs. Therefore, these findings might not be generalizable across the spectrum of non-hospital based RNs. The state of New York provides OSHA coverage to its public employees through Public Employee Safety & Health (PESH) Program in the New York State Department of Labor. The PESH program enforces the OSHA bloodborne pathogens standard for public sector employers covered by this survey and federal OSHA provides enforcement for private sector employers covered by the survey. There are 26 states that have no public employee OSHA coverage. These states may therefore be likely to have even lower rates of conformance with needlestick prevention standards than the population in our study. Additional studies in other states that have no OSHA coverage and lower rates of unionization would be informative. Third, less than a 50% response rate was obtained, and this increases the potential for responder bias. However, this rate is comparable to other mailed healthcare workers' surveys 37) , and the needlestick injury rates that the RNs stated were formally reported to their administration were comparable to available statistics from collaborating organizations (J. Rosen, personal communication). It should be noted that mailed surveys are increasingly problematic in terms of response rate, probably because of survey fatigue; surveying healthcare employees is very common for a wide range of reasons. Also, surveys place additional time burdens on already time-constrained workers. Newer approaches to address this include web-based survey administration, which may be simpler in that the worker can start and stop at their leisure. However, data on this approach for improving response are lacking. The Dillman method does not really address the time constraints issue and survey administration methods in general for this work population should be subject to future research 19) . Finally, an important limitation of this study was that it was cross-sectional in design and therefore causality cannot be determined.
Conclusion
In conclusion, these data suggest that risk of exposure in the non-hospital setting is substantial; extrapolated to the U.S. non-hospital based RN workforce, the estimated annual number of needlesticks would be in excess of 145,000 per year. Risk management strategies that can effectively reduce this burden include: a) increased involvement of frontline workers and their representatives in needlestick prevention programs, b) effective product selection and introduction programs, c) improved reporting and post-exposure follow up procedures and, d) effective bloodborne pathogens (initial and annual refresher) training. These risk management steps should be developed and implemented as part of an overall national occupational health and safety strategy targeting not only the nursing profession, but other healthcare worker groups as well.
